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Epidemiological trends are alarming among incarcerated women, who are 15 times more likely to be human immunodeficiency virus positive (HIV+) than non-incarcerated women. 1 Boerma and Weir 4 presented a proximatedeterminants framework, i.e. identification of a set of variables, to study HIV infection by combining demographic and epidemiological approaches. Bingenheimer and Geronimus 5 proposed three categories of proximate determinants-behavioral mechanisms, biological mechanisms, and demographic and biomedical factors-as a conceptual framework to guide HIV epidemiological research. Female incarcerated populations include large proportions of IDUs, who are at high risk of contracting or transmitting HIV. Their HIV infection risk is the result of biological factors, [6] [7] [8] demographic factors, 9, 10 and behavioral and social factors. [11] [12] [13] [14] [15] Women are more likely than men to acquire HIV from injecting drugs and heterosexual transmission. 16 Demographic factors, e.g. low educational attainment and limited condom use, enhance women's vulnerability to HIV. 9, 10 In addition to biological factors that enhance the risk of women contracting HIV, [6] [7] [8] social and cultural factors may play a pivotal role. 17 Srirak et al 11 found that history of incarceration, history of injection drug, experiencing sexual abuse, and trading sex for money were related to HIV among female drug users in northern Thailand. Female IDUs reported more commercial sex than males, which might place them at higher HIV risk.
14 Gender influences injection practices in regular heterosexual relationships; male IDUs reported more frequent injections, and were more likely to inject their partners. 15 HIV-infected female inmates tend to share injection paraphernalia more frequently, and had more drug-using family members or sexual partners. 12 A recent study indicates that half of female IDUs had a regular IDU sex partner. 13 Notably, the male-to-female ratio of HIVinfected cases in Taiwan decreased from 20:1 in 2003 to 6:1 in 2006. This is primarily due to an increase in the number of female injection drug users. 3 However, little data is available on
Taiwanese female HIV-infected inmates. A previous Taiwanese study indicates higher HIV prevalence among incarcerated drug-using inmates in males (11.6%) than females (8.6%).
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Incarcerated female drug users are at higher risk for heterosexual transmission of HIV infection than their non-incarcerated counterparts are. Sharing needles and dilutes or having unprotected sex were the most influential risk factors for HIV infection in female drug users. 11 In Taiwan, the situation of incarcerated female drug users is not documented well, as it is for males (e.g. Peng et al 19 ) .
Incarceration is often linked to HIV transmission, 20 In the first of two study stages, participants completed a self-administered anonymous census survey without providing any identifying information to the researcher. We recruited 2486 participants, including 139 HIV-positive and 2347 HIV-negative female inmates. 18 In the second stage, 114 of the 139 HIV-seropositive female inmates agreed to participate in the present survey, achieving a response rate of 82%. These 139 participants were assigned to the Cases group for the Case-Control design adopted in this study. In the same prison where the case participants resided, we selected 2347 eligible seronegative inmates from the census survey using two criteria ("age ± 3 years" and "had ever used any illicit drugs"). Each eligible control candidate was given a "random number" which was listed in sequential order. We then contacted the first eligible control candidate. If she refused to participate, we contacted the next one. All control subjects were selected randomly with a match ratio of 2:1 to ensure that the estimated control sample size would be approximately 2 times that of the cases. We proportionately selected control subjects until we arrived at our estimated sample size, including oversampling for non-participants. Consequently, there were 278 eligible HIV-negative inmates contacted, and 149 of them agreed to participate, for a response rate of 54%.
Measures
The research instrument was a structured questionnaire focusing on three areas that might influence HIV transmission risk: demographics and select characteristics, behavioral factors prior to incarceration, and social factors prior to incarceration.
Demographic and select characteristics
Age, years of education, marital status, number of children, employment status prior to incarceration, and other historical/demographic information were collected. Other information gathered included participants' sexual orientation (heterosexual, homosexual, bisexual), history of sexually transmitted diseases in the past year, current criminal charges, number or times imprisoned, prior drug-related recidivism (a previous drug offense convictions).
Pre-incarceration behavioral risk factors
The major behavioral risk factors for HIV infection were measured by two factors. The first was drug-usage related risk, including drug-usage history regarding specific drug preferences, patterns and mode of administration (such as if drugs were smoked or injected) and experience sharing needles or dilutes. The second factor was sexual related risk, including unsafe sexual behavior measured by the frequency of condom use during the six months prior to incarceration (never, seldom, half of the time, most of the time, always).
Pre-incarceration social risk factors
Social risk factors were measured by several indicator including: (1) having drug-using sexual partners within six months prior to incarceration; (2) working in nightclubs or bars; (3) experience of physical abuse; or (4) exchanging sex for money or drugs.
Statistical analyses
The data collected in this study was managed using Microsoft Office Excel 2003, and analyzed using SPSS software (version 14.0; SPSS Inc, Chicago IL, USA). Continuous variables were described using mean and standard deviation. of the participants in each group reported never using condoms during penetrative intercourse. More than half had worked at nightclubs or bars, and over 70% in each group reported being physically abused by significant others. Roughly, 6.1% reported exchanging sex for money or drugs before incarceration.
The most commonly used drugs were heroin (71.9%), methamphetamine (25.4%), and marijuana (2.3%). Significant differences in injectable heroin use (p = 0.02) appeared between the HIV infected (93.0%) and non-infected (84.6%) groups. HIV-positive cases had a higher rate of sharing drug paraphernalia than controls, particularly in sharing mainly dilutes (25.0% vs. 10.8%), and sharing dilutes simultaneously with needles (68.8% vs. 12.8%). Participants reported that their experiences of "sharing dilutes only" included two situations: "sharing dilutes only" or "sharing needles only." Yet, those with "sharing needles only" included only two participants in HIV+ groups, and four in non-infected controls. Hence, these two categories were combined into one category in the analysis.
HIV-positive cases reported higher rates of having drug-using sexual partners than control cases (64.0% vs. 37.6%, p < 0.001). Among participants with drug-using sexual partners (n = 129), the HIV-positive cases had considerably higher rates of sharing injection equipment with their sexual partners than seronegative controls (98.6% vs. 32.1%, p < 0.001). Table 3 shows multiple logistic regression analyses of HIV infection risk. This data indicates that repeated imprisonment of between 2-5 times (OR = 5.23), sharing mainly dilutes only (OR = 63.47), and sharing dilutes simultaneously with needles (OR = 127.33) predicted HIV serostatus after controlling for age and years of education. The mixture of sharing dilutes simultaneously with needles increases the risk of contracting HIV.
Discussion
This study reveals several key findings. First, sharing needles and/or dilutes with drug-using sexual partners most strongly predicted HIV seropositivity. 
451
Second, the number of imprisonments significantly predicted HIV-infection risk. Third, condom use was relatively infrequent in both groups.
Multiple logistic regression findings demonstrate that HIV-infected female inmates were much more likely to share needles and/or dilutes than their non-infected counterparts, and particularly those involved with drug-using sexual partners. This finding suggests a complex interactive relationship between sexual and drug-using partners among female IDUs. 12, 23 Prior surveillance research, e.g. Strathdee et al, 24 showed marked gender differences in the risk factors for HIV seropositivity. Consistent with this literature, the current study shows that women who had drugusing sexual partners had over a 98% likelihood of sharing needles or paraphernalia with their sexual partners, thus greatly enhancing sexual and injection risks for transmitting HIV. HIV seropositivity and low educational attainment significantly predicted episodes of recidivism and imprisonment, 25, 26 which were relatively high among study participants. Notably, significantly more HIV+ cases (69.6%) than controls (54.8%) failed to complete more than 9 years of formal education. Education to 9 years is compulsory in Taiwan. However, only 34.4% of Taiwanese aged 15 years or over have failed to go beyond nine years of junior high school. 27 Hence, our seropositive participants tended to not exceed an educational level as those in the general population. Pre-incarceration, study participants reported relatively infrequent use of condoms during penetrative intercourse regardless of serostatus; specifically, 27.4% of HIV-infected cases and 23.6% of controls reported never using condoms. Several factors may discourage safer sex practices in our target population. Since seropositive individuals frequently fail to disclose their HIV status, 28 their partners' perception of self-risk might be unrealistically low. Because perceptions often influence motivations and behaviors, our female participants might possess a false sense of safety, which discourages condom use, especially with their primary sexual partner. 10, 29 In addition, women are usually less empowered to influence condom use and other safe sex decisions, given their frequent economic dependence on their partners, 30 and the high percentage of reported physical abuse among present study participants. As suggested by participants' infrequent condom use, female drug users with incarceration experience continue to represent a key "bridge" population, transmitting HIV to their drug-using partners and/or through commercial sex consumers, and then in turn to the general population. Thus, jails and prisons may present an ideal opportunity to conduct sexual education and drug resistance programs in a population that would otherwise be "hard to reach". Mental health education is an important factor for the incarcerated population. 19, 31 Strengthening HIV/AIDS education in jail settings may help reduce our high observed recidivism rates, despite the fact that there has been some level of education programming officially been operating for many years in Taiwan. 32 
Limitations
The findings of this study are subject to several limitations. First, the significance of our findings is limited to the incarcerated female population, and therefore lacks generalizability. Second, even though 46% of enrolled HIV-negative controls did not participate in this study, their ages were similar to those of the cases. Since we did not collect detailed demographic information, self-selection bias might exist. Third, there was a wide range in some variables in the 95% confidence intervals. Although this is related to a small sample size in this study, the findings must be interpreted with caution. Finally, regardless of serostatus, the experience of trading sex for money or drugs (only reported as 6%) may have been under-reported, since most of our participants had worked in nightclubs or bars.
In conclusion, the routes of HIV infection for female drug users, including sharing needles and/ or dilutes, and practicing unsafe intercourse with their drug-using sexual partners, places them at considerable risk.
